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Background:  Disparities among untreated dental caries exist for children from low-income families in the United 
States. Understanding of the mechanism of the disparities is required to reduce it and social geographic factors are 
one of the important influences. Although the effect of fluoridated water has been well reported,  studies of other 
sociogeograpic factors, such as the density of available dentists, are still very limited. The objective of this study is 
to explore the effect of sociogeographic factors on the number of primary teeth with untreated dental caries among 
children from low-income families who are enrolled in Head Start programs throughout Northeast Ohio of the 
United States.
Material and Methods: This was a cross-sectional chart review study. Three hundred-eighty-eight charts were 
reviewed, and the number of primary teeth with untreated dental caries (dt) and the children’s addresses were re-
trieved. The sociogeographic variables, including fluoridated water availability and the density of available dentists 
who accept a government-supported insurance (Medicaid dentists), were collected.
Results:  The mean (standard deviation) of children’s age was 3.51 (1.14) years with a range of 7 months to 5 years. 
A negative binomial regression model analysis, which used dt as a dependent variable and children’s characteristic 
factors  (i.e. age, gender, insurance type, and total number of primary teeth) and sociogeographic factors (i.e. Po-
pulation, total number of Medicaid dentists, density of Medicaid dentist, and Fluoride water availability) of cities, 
as independent variables, demonstrated that only the density of Medicaid dentist in the sociogeographic factors 
indicated a significant effect (Estimated ß-Coefficients (Standard Errors)=-0.003 (0.002), p=0.030).
Conclusions: This study demonstrated a significant negative association between the density of available dentists 
and untreated dental caries among children from low-income families in Head Start programs in Northeast Ohio. 
Increasing available dentists may be a strategy to reduce the number of early childhood caries.
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Introduction
Dental caries is the most common chronic childhood di-
sease in the United States of America (i.e. U.S.) (1). The 
prevalence of dental caries among 2-5 year old U.S. chil-
dren was 24% in 1988-1994 (2). A recent estimate still 
indicated 23% in 2011-2012 (3). An especially higher 
prevalence of decay has been observed among children 
from low-income and or minority families (2,3). About 
42% of children (2-5 years) from low-income families 
compared to 18% of children from non-low-income fa-
milies had dental caries in their primary teeth (2). Twice 
as many non-Hispanic black children had untreated den-
tal caries (21%) when compared to non-Hispanic white 
children (10%) (3). 
Children’s demographic characteristics, such as low-in-
come, minority race, or being children of low educatio-
nal parents, impact the number of children’s dental caries 
mediated by dental utilization (4,5); if the children have 
dental access even with high caries risk due to their de-
mographic characteristics, they have fewer dental caries. 
In the U.S., a governmental supported health insurance 
(Medicaid) is available for children from low-income 
families. Although all treatment cost for dental care is 
covered through Medicaid, dental utilization by the chil-
dren is not adequate. The median dental utilization rates 
are only 33-37% across the U.S. (6,7). This inadequate 
dental utilization is caused by complex problems, in-
cluding difficulties with locating a dentist who accepts 
these children, lack of transportation, caregiver’s oral 
health belief and dental experiences, and the dentist’s 
perception of children with Medicaid (7-11). 
A framework by Fisher -Owens (12) describes multiple 
stages of influence on children’s dental caries that invol-
ves a “child’s level” to a “community level”.  A compa-
ratively fewer articles about community-level influence, 
which can be a community level of barriers, have been 
published than family and child levels. Understanding 
the community-level influence on children’s dental ca-
ries may help reduce the oral health disparity (2). 
One of the major barriers is finding a dentist who accepts 
children with Medicaid (9-11). Many children enrolled 
in Medicaid fail to receive needed dental care because 
a dental provider refuses to accept Medicaid based on 
low reimbursement rates and lower patients’ complian-
ce (7,13). For example, only 7% of general dentists and 
29% of pediatric dentists around this research area, the 
state of Ohio, accept children who are Medicaid reci-
pients (14). Even in instances where a dental clinic is 
next door, there is no guarantee that a child from a low-
income family will have access.
Research regarding community-level influence, inclu-
ding sociogeographic factors, (8,9,11,15) (i.e the density 
of dentists) has indicated that there is a significant posi-
tive relationship between the density of dentists who ac-
cept Medicaid children (the number of pediatric dentists 
per 10,000 Medicaid-enrolled children) and the number 
of Medicaid-enrolled children who utilize dental care. 
However, research regarding community-level influence 
on children’s oral health status, such as the number of 
untreated dental caries, is very limited. 
Another important sociogeographic factor is fluoridated 
tap water availability. Fluoridated water is one of the 
most well-known effective ways to prevent children’s 
dental caries. Previous study among children from low-
income families indicated that children who had access 
to fluoridated water showed less dental caries than in 
children who did not have access to fluoridated water 
(16-18).
The Head Start/Early Head Start Programs (HS pro-
gram) are federally funded from the United States De-
partment of Health and Human Services. HS programs 
support the comprehensive development of children 
from birth to age 5 and include early learning, as well 
as health and family well-being (19). The Department of 
Pediatric Dentistry at Case Western Reserve University 
provides dental services to children from HS programs 
in the Northeast Ohio state area through dental examina-
tion, prophylaxis, and 5% fluoride varnish application. 
According to multiple studies regarding oral health and 
dental accessibility among children who were enrolled 
in Head Start program, it was reported that these chil-
dren face high risk of dental caries (10). However, the 
solutions for solve the high untreated dental caries rate 
among Head Start children are not yet clear.
The objective of this study is to explore the effect of 
sociogeographic factors among children from low-in-
come families enrolled in the HS program throughout 
Northeast Ohio. We tested our hypothesis that the den-
tist density and fluoride water availableness negatively 
associated with children’s untreated dental caries among 
low-income families in Northeast Ohio.
Material and Methods
-Method
This is a cross-sectional chart review study. Charts 
generated from January 2011 to December 2014 were 
reviewed. Head Start sites were located throughout 
Northeast Ohio, which the Department of Pediatric 
Dentistry at Case Western Reserve University had been 
serving since 2007. The sample size has been calcula-
ted based on the total number of charts (5696 charts), 
5% confidence interval and 95% confidence level in 
order to generate a representative sample of Northeast 
Ohio. We aimed for 360 charts, and this included 10% 
of charts that would be excluded. 400 charts were ran-
domly selected for the review. All research information 
was extracted from the first dental examination at the 
Head Start site. Standardized dental caries assessments, 
including tactile-visual examination without radiogra-
phs were completed by pediatric dentists or pediatric 
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dental program residents, and recorded the surface on a 
tooth chart. Multiple dental researchers were trained for 
the data abstraction by an author, MH, and conducted a 
double data entry to minimize human errors.  The two 
databases were compared to indicate human errors.  The 
errors were corrected in the final database. All data were 
entered into REDCap Database, an encrypted password 
protected web based database. The Institutional Review 
Board of Case Western Reserve University approved 
this research protocol.
-Measures
Characteristic child information including the child’s 
age, gender, insurance status (uninsured, private dental 
insurance, or Medicaid), the total number of primary 
teeth present, and the number of primary teeth with un-
treated dental caries (i.e. dt) were abstracted, along with 
geographic information, the name of city. The number of 
dentists who were identified by acceptance of Medicaid 
(i.e. Medicaid dentist) was collected from the website of 
the Ohio Department of Medicaid (http://www.medicaid.
ohio.gov).  The population, population density (people 
per kilometer squares), the number of children (under 
18 years old) of each city where the Head Start Program 
site was located were collected to calculate the density 
of Medicaid dentists (the number of Medicaid dentists 
per 10,000 children, i.e. Medicaid dentist density) from 
the United States Census Bureau (http://www.census.
gov/en.html). Additionally, whether the cities provided 
fluoridated water was collected from their water system 
websites or by telephone interview with the water de-
partments of each city.
-Statistical Analysis
Bivariate analyses were conducted to describe the rela-
tionship between children’s demographic and sociogeo-
graphic factors with dt. A negative binomial regression 
model analysis was conducted to test the association of 
sociogeographic factors with dt. For the negative bino-
mial regression model analysis, the population was divi-
ded 1000 in order to adjust its scale with other variables’ 
scale. All analyses performed by IBM SPSS statistics 24 
(IBM© Corp., Armonk, NY, USA). 
Results
Twelve charts that had a critical lack of information were 
eliminated from the data analyses, leaving 388 charts of 
which 200 (51.5%) were boys. Eighty-two Head Start si-
tes and 17 cities were identified. The mean (standard de-
viation, i.e. SD) of children’s age was 3.51 (1.14) years 
with a range of 7 months to 5 years. Three (0.8%) chil-
dren were uninsured, 20 (5.2%) were covered by private 
dental insurance, and 365 (94.1%) were on Medicaid. 
The mean (SD) of children’s untreated dental caries in 
primary teeth was 0.84 (2.16) teeth and the range was 0 
to 18 teeth.
Bivariate analyses for dt with children’s demographic 
factors, child’s age, gender, and type of insurance, were 
conducted.  There were no significant differences in the 
mean of the dt between boys (mean (SD)=0.73 (2.04)) 
and girls (mean (SD)=0.96(2.28)), (t=-1.08, df=386, 
p=0.279). There were no significant differences in 
the mean of the dt among types of insurance, uninsu-
red, private insurance, and Medicaid, 0 (0), 1.3 (3.13), 
0.82 (2.11), respectively (F=0.69 (2,385), p=0.501). On 
the other hand, a correlation analysis between dt and 
child’s age indicated a significant relationship (Pearson 
correlation=0.343, p<0.001).
Table 1 shows the descriptive information by city where 
the Head Start sites were located.  Two of the 17 cities 
did not have access to fluoridated water. The range of 
the number of Medicaid dentists was 0 to 449. The range 
of Medicaid dentist density was 0 to 624.18. Analysis 
of variance (ANOVA) indicated a trend of differences 
(F=1.62(16,371), p=0.061) in dt among cities.  
Correlation analyses were conducted among sociogeo-
graphic factors, population, population density, total 
number of Medicaid dentists, and Medicaid dentist den-
sity. There were highly significant correlations among 
the sociogeographic factors (e.g. Peason correlation 
between population and Medicaid dentists was 0.909, 
p<0.001), except between total number of Medicaid den-
tists and Medicaid dentist density (Peason correlation=-
0.062, p=0.226).
Children (n=311) who had available fluoridated water 
indicated significantly less dt than children (n=77) who 
did not have it available, 0.76 (2.09) and 2.39 (11.24), 
respectively (t=2.44, dt=386, p=0.015).
The negative binomial regression model was significan-
ce (Likelihood Ratio Chi-Square=181.4 df=8, p<0.001). 
Table 2 shows estimated ß-Coefficients with p-values. 
After controlling the children’s demographic factors, the 
density of Medicaid dentists indicated a negative signi-
ficant association with dt (p=0.030). Additionally, being 
supported by Medicaid also indicated a negative signifi-
cant association with dt (p=0.040).
Discussion
This retrospective chart review was conducted among 
children from low-income families to investigate the 
effect of sociogeographic factors on children’s oral 
health.
Although the effect of fluoridated water on children’s 
oral health has been studied (16-18), other sociogeo-
graphic factors’ influence on children’s oral health have 
not been adequately researched yet (12). The effects of 
sociogeographic factors, such as the density of availa-
ble dentists, have been tested with children’s dental uti-
lization as an outcome (8,9,11,15). We could not find 
existing research, which tested the effect of the socio-
geographic factors on children’s oral health as a main 
outcome except the research on fluoridated water. This 
















1 (28) 26384 622.67 21 29.36 No 0.93 (2.24)
2 (10) 20699 672.15 72 131.55 Yes 0 (0)
3 (4) 16833 710.22 10 21.22 Yes 4.75 (3.3)
4 (1) 65184 734.82 76 44.1 Yes 0 (N/A)
5 (1) 17860 736.8 0 0 Yes 0 (N/A)
6 (1) 12875 920.22 190 624.18 Yes 4 (N/A)
7 (5) 53956 999.64 7 4.93 Yes 0 (0)
8 (31) 26337 1098.25 155 229.09 Yes 0.32 (0.83)
9 (49) 72535 1099.13 22 10.52 No 1.29 (2.39)
10 (1) 198100 1226.33 98 18.56 Yes 0 (N/A)
11 (2) 822553 1423.52 256 12.15 Yes 0.5 (0.71)
12 (8) 80429 1547.27 28 15.08 Yes 1.88 (2.8)
13 (3) 48139 1619.03 34 26.57 Yes 0 (0)
14 (228) 390113 1826.39 449 42.14 Yes 0.8 (2.26)
15 (5) 45394 2155.53 70 61.61 Yes 0.4 (0.89)
16 (2) 51143 2951.18 194 174.24 Yes 0 (0)
17 (9) 301720 4825.77 15 1.89 Yes 0.33 (1)
Table 1: The number of primary teeth with untreated dental caries (dt) and social geographic information by city.
i: The number of dentists who accepted Medicaid.
ii: the number of dentists who accepted Medicaid per 10,000 children.




Characteristic factors of the 
child 
Gender (Girl=0, boy=1) -0.138 (0.174) 0.428 
Age 1.103 (0.114) <0.001 
Medicaid -0.665 (0.324) 0.040 
Total number of primary teeth 0.096 (0.101) 0.340 
Social geographic factors of 
cities, which the child lives 
Total number of Medicaid dentists iii <0.001 (0.001) 0.880 
Medicaid dentist density iv -0.003 (0.002) 0.030 
Fluoridated Water 0.177 (0.304) 0.561 
Population/1000 v -0.001 (0.002) 0.649 
Table 2: Outcomes of the negative binomial regression model analysis for the number of primary teeth with untreated 
dental caries.
III: Medicaid dentists were defined by dentists who accept Medicaid
iv: The number of dentists who accepted Medicaid per 10,000 children
V: Population was analyzed after dividing 1000 due to avoid a programing error by the statistic software.
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study helps to understand the association between the 
social geographic factors and children’s oral health. 
Providing fluoridated water is well-known means of pre-
venting children’s dental caries; meta-analysis regarding 
fluoridated water research indicated a positive benefit 
for prevention of dental caries in primary teeth.  Studies 
among similar low-income populations (16-18) also in-
dicated that children who had access to fluoridated water 
showed less dental caries than in children who did not 
have access to fluoridated water. By bivariate analysis, 
children who live in cities with fluoridated water indi-
cated significantly less dt compared to children who 
live in cities without fluoridated water. After controlling 
other variables by the negative binomial regression mo-
del analysis, this significant association has disappea-
red (Estimated ß-Coefficients (Standard Errors)=0.177 
(0.304), p=0.561).
The positive effect of available dentist densi-
ty on children’s dental utilization has been reported 
(8,9,11,15), along with a positive effect of dental utili-
zation on children’s oral health status (4,5,20). Our stu-
dy demonstrated a significant association between the 
density of available dentist who accept Medicaid and 
children’s oral health status. Children’s dental utilization 
may play a mediator between the available dentist densi-
ty and children’s oral health status. To understand more 
about the relationship among factors, the dentist density, 
children’s dental utilization, and children’s oral health, a 
mediation analysis with a bigger sample size will need 
to be conducted in future research.
To reduce the children’s oral health disparity, the effect 
of providing fluoridated water is significant for primary 
prevention.  However, there are also disadvantages, such 
as cost and dental fluorosis (21). In the U.S., the dentists 
who accept government-assisted insurance is low (14). 
Although further research is required, increasing the 
number of dentists who accept government-assisted insu-
rance and connecting them to the children of low-income 
families is a possible strategy in reducing children’s oral 
health disparities. As additional information, although 
not significant, children with private insurance indicated 
more untreated dental caries than children who have Me-
dicaid in our data, which was a converse outcome from a 
previous report (22). All cost for dental care for children 
with Medicaid is paid for by Medicaid, however, children 
with private insurance have to pay a part of the cost for 
dental care even though they may benefit from the wider 
treatment options not covered by Medicaid. Our target po-
pulation was children from low-income families. Within 
this population, having private insulance may be a barrier 
for children’s dental utilization.
There are a few study limitations to this research. Our 
model did not follow patients’ posiible travel into other 
cities for dental treatment. Also, some dentists who ac-
cepted government-supported insurance admitted only 
adults. We only had the number of untreated teeth and 
not the number of dental caries experienced teeth, such 
as filled or extracted teeth due to dental caries. Finally, 
our findings are generalized to children in the HS pro-
grams in the Northeast Ohio area and may not be applied 
to other populations.
Conclusions
We observed a negative significant association between 
the density of available dentists and children’s untreated 
dental caries among children in Head Start programs in 
Northeast Ohio.  Increasing available dentists may be a 
strategy to reduce the number of early childhood caries.
 
References
1. U.S. Department of Health and Human Services. Oral health in 
America: a report of the Surgeon General, Rockville, MD: U.S. De-
partment of Health and Human Services, National Institute of Dental 
and Craniofacial Research, National Institutes of Health 2000 [Avai-
lable from: https://profiles.nlm.nih.gov/ps/access/NNBBJT.pdf.
2. Dye BA, Tan S, Smith V, Lewis BG, Barker LK, Thornton-Evans 
G, et al. Trends in oral health status: United States, 1988-1994 and 
1999-2004. Vital Health Stat 11. 2007(248):1-92.
3. Dye BA, Thornton-Evans G, Li X, Iafolla TJ. Dental caries and 
sealant prevalence in children and adolescents in the United States, 
2011-2012 Hyattsville, MD: National Center for Health Statistics.: 
US Department of Health and Human Services, Centers for Disease 
Control and Prevention, National Center for Health Statistics data 
brief, no 191; 2015 [Available from: http://fluoridealert.org/wp-
content/uploads/cdc.dye-2015.pdf (Archived by WebCite® at http://
www.webcitation.org/6s3FLjacS).
4. Gao XL, Hsu CY, Xu YC, Loh T, Koh D, Hwarng HB. Behavioral 
pathways explaining oral health disparity in children. J Dent Res. 
2010;89(9):985-90.
5. Heima M, Lee W, Milgrom P, Nelson S. Caregiver’s education le-
vel and child’s dental caries in African Americans: a path analytic 
study. Caries Res. 2015;49(2):177-83.
6. Hakim RB, Babish JD, Davis AC. State of dental care among Me-
dicaid-enrolled children in the United States. Pediatrics. 2012:peds. 
2011-800.
7. Cosgrove JC. Medicaid: extent of dental disease in children has not 
decreased, and millions are estimated to have untreated tooth decay. 
Report to Congressional Requesters. GAO-08-1121. US Government 
Accountability Office. 2008.
8. Kelly SE, Binkley CJ, Neace WP, Gale BS. Barriers to care-see-
king for children’s oral health among low-income caregivers. Am J 
Public Health. 2005;95(8):1345-51.
9. Mofidi M, Rozier RG, King RS. Problems with access to dental 
care for Medicaid-insured children: what caregivers think. Am J Pu-
blic Health. 2002;92(1):53-8.
10. Edelstein BL. Access to dental care for Head Start enrollees. J 
Public Health Dent. 2000;60(3):221-9.
11. McKernan SC, Kuthy RA, Momany ET, McQuistan MR, Han-
ley PF, Jones MP, et al. Geographic accessibility and utilization of 
orthodontic services among Medicaid children and adolescents. J 
Public Health Dent. 2013;73(1):56-64.
12. Fisher-Owens SA, Gansky SA, Platt LJ, Weintraub JA, Soobader 
MJ, Bramlett MD, et al. Influences on children’s oral health: a con-
ceptual model. Pediatrics. 2007;120(3):e510-20.
13. Damiano PC, Brown ER, Johnson JD, Scheetz JP. Factors affec-
ting dentist participation in a state Medicaid program. J Dent Educ. 
1990;54(11):638-43.
14. Siegal MD, Marx ML, Cole SL. Parent or caregiver, staff, and 
dentist perspectives on access to dental care issues for head start 
children in Ohio. Am J Public health. 2005;95(8):1352-9. 
15. Heidenreich JF, Kim AS, Scott JM, Chi DL. Pediatric dentist 
J Clin Exp Dent. 2017;9(10):e1224-9.                                                                                                                                  The effect of social geographic factors on children’s decays
e1229
density and preventive care utilization for Medicaid children. Pediatr 
Dent. 2015;37(4):371-5.
16. Chi DL, Rossitch KC, Beeles EM. Developmental delays and den-
tal caries in low-income preschoolers in the USA: a pilot cross-sec-
tional study and preliminary explanatory model. BMC Oral Health. 
2013;13:53.
17. Jones CM, Worthington H. The relationship between water fluo-
ridation and socioeconomic deprivation on tooth decay in 5-year-old 
children. Br Dent J. 1999;186(8):397-400.
18. Koh R, Pukallus ML, Newman B, Foley M, Walsh LJ, Seow WK. 
Effects of water fluoridation on caries experience in the primary 
dentition in a high caries risk community in Queensland, Australia. 
Caries Res. 2015;49(2):184-91.
19. U.S. Department of Health and Human Services. Head Start Ser-
vices, Washington, D.C. [Available from: http://www.acf.hhs.gov/
programs/ohs/about/head-start. (Archived by WebCite® at http://
www.webcitation.org/6hZxLynpH).
20. Qiu RM, Lo EC, Zhi QH, Zhou Y, Tao Y, Lin HC. Factors related 
to children’s caries: a structural equation modeling approach. BMC 
public health. 2014;14:1071.
21. Ko L, Thiessen KM. A critique of recent economic evaluations 
of community water fluoridation. Int J Occup Environ Health. 
2015;21(2):91-120.
22. Edelstein BL. Disparities in oral health and access to care: fin-
dings of national surveys. Ambul Pediatr. 2002;2(2 Suppl):141-7.
Acknowledgments
This research was supported by the Summer Research Program at 
Case Western Reserve University School of Dental Medicine and 
the Clinical and Translational Science Award – UL1TR 000439. The 
authors thank Dr. Yiying Liu who provided critical suggestions for 
analysis.
Conflicts of interest 
All authors declare no conflicts of interest with respect to the author-
ship and publication of this article.
